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ABSTRACT
The varved sed im ents exposed in  M issou la  V a lle y  were d ep o sited  
in  G la c ia l Lake M issou la  du rin g  th e  P le is t o c e n e .  Three typ es o f  varve s 
were found, sim p le , com p osite , and d ra in a g e . 3^ray d iffr a c to m e te r  
a n a ly se s  rev ea led  th a t i l l i t e ,  m o n tm o r illo n ite , c h lo r i t e ,  and k a o l in i t e  
are p resen t in  th e  order o f  d e c re a s in g  abundance. I l l i t e  and c h lo r i t e  
are more abundant in  the dark w in ter  la y e r s ;  m on tm orillon ite  and k a o l­
i n i t e  are more abundant in  the l ig h t  summer la y e r s .  This season a l seg­
r e g a tio n  o f  the c la y  m in era ls  i s  b e l ie v e d  to  have been caused by d lf f e r -  
t i a l  sed im en ta tion . À h o r iz o n ta l in c r e a se  in  I l l i t e  and d ecrease  in  
m on tm orillon ite  w ith  d is ta n c e  from the p o in t  o f  i n i t i a l  d e p o s it io n  are  
a lso  a t tr ib u te d  to  d i f f e r e n t i a l  sed im en ta tio n .
INTRODUCTION
The study o f  c la y  m ineralogy haa evo lved  r a p id ly  during the  
recen t y e a r s . Persona from d i v e r s i f i e d  backgrounds have co n tr ib u ted  
much to  i t s  stu d y , but more d a ta  are  needed . Grim (1953* P* 355) in  a 
d is c u ss io n  o f  g l a c ia l  sed im ents s t a t e s  th a t  "the com position  o f  varved  
c la y s  i s  n ot w e ll known." The p a u c ity  o f  d a ta  on varved c la y s  sug­
g e ste d  a study o f  th e  G la c ia l Lake M issou la  sed im en ts.
The o b je c t iv e s  o f  th e  study were ( l )  id e n t i f i c a t io n  o f  the c la y  
m in era ls in  the dark and l i g h t  la y e r s  o f  th e  varved la k e  sed im en ts, ( 2) 
study o f  p o s s ib le  s tr a t ig r a p h ie  changes in  th e  c la y  m ineral s u i t e ,  and 
( 3) in v e s t ig a t io n  o f  th e  h o r iz o n ta l d i s t r ib u t io n  o f  th e  c la y  m in era ls  
w ith in  th e  M issou la  V a lle y  and surrounding a r e a s .
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P rev iou s Work
"Varv" i s  a Swedish term meaning "a c i r c l e  or a p e r io d ic a l  i t e r ­
a t io n  o f  la y ers"  (A n tev s , 1922 , p . U ), Varved sedim ents are annual 
d e p o s its  o f  l i ^ t  co lo r ed  s i l t y  sed im ents d e p o s ite d  during the summer 
m onths, and da ik  f in e r -g r a in e d  m a ter ia l d ep o sited  during the w in ter  
months. Sach varve i s  d i s t i n c t  and sep ara te  and can be d i f f e r e n t ia t e d
1.
2 .
from n eigh b orin g  varves*
Varve8 were recogn ized  a s  y e a r ly  d e p o s it s  a s  e a r ly  a s  1832.
De Geer in  188%, (A n tev s , 1922 , p . %) was a b le  to c o r r e la te  l o c a l i t i e s  
and study th e  chronology o f  th e  i c e  r e tr e a t  h is to r y  o f  th e  l a s t  ic e  
sh eet in  north ern  Sweden by m easuring and p lo t t in g  varve th ic k n e s s e s .  
Antevs (1 9 2 2 , 1928, and 1951) made d e t a i le d  s tu d ie s  o f  the r e c e s s io n  o f  
th e  l a s t  i c e  sh ee t in  New England and Canada u s in g  De G eer's method.
Saurama (1922) made a s im ila r  study o f  th e  varved sedim ents in  
southern F in la n d , c o r r e la t in g  th e  sed im ents on th e  b a s is  o f  varve th ic k ­
n e sse s  and such prim ary c h a r a c t e r i s t ic s  a s  c o lo r  and hygroscop ic  1 ty  o f  
the c la y s .  H itten h ou se  (193^* P* HO) measured th e  p h y s ic a l ch aracter­
i s t i c s  o f  some varved c la y s  from n orthern  Canada, but d id  no work on the  
c la y  m ineralogy. Grim (1953* P* 355) s ta te d  th a t  in  a study made on 
some varved sedim ents in  Canada, i l l i t e  was determ ined as the dominant 
m in era l, w ith  m on tm orillon ite  p r e sen t in  th e  dark la y e r s  but not in  the  
11^ t  la y e r s .  Eden (1 9 5 5 , P* 66S) in v e s t ig a te d  th e  p h y s ic a l ch aracter­
i s t i c s  o f  varved c la y s  from Steep fiock Lake, O n tario , and rep orted  more 
m on tm orillon ite  In the dark la y e r s  than in  th e  l i g h t  la y e r s .  Sahinen  
Smith and Lawson (1 9 5 8 , P# 29) s ta te d  th a t x -ra y  a n a ly se s  o f  g la c ia l  
sedim ents sampled in  M issou la , Montana, showed k a o l in i t e  and montmoril­
l o n i t e  to  be p r e se n t .
G eo log ic  H isto ry  o f  M issou la  V a lle y
M issou la  V a lle y  i s  thought to  be o f  Laramide o r ig in .  E rosion  
during the M id-T ertiary  formed the sub-summit su rfa ce  which can be seen  
on the m ountains th a t e n c ir c le  M issou la  V a lle y . D egradation during fo r ­
m ation o f  th e  sub-summit su rface  c o n tr ib u ted  to  the form ation o f  Eocene
3.
and Miocene (c o n t in e n ta l)  b ed s. L ate T e r tia r y  u p l i f t  reju ven ated  the  
a n c ien t B it t e r r o o t  R iv er , stiperIm posing I t  onto a  number o f  spurs o f  
BoXtian bedrock which extend  In to  M issou la  T a lle y  (B akins and Honkala,
1952, p . 1361) .
During the P le is t o c e n e ,  a  lo b e  o f  C o r d ll le r la n  Ic e  moved south­
ward down th e  P u r c e ll  Trench In to  north ern  Idaho term in atin g  In the  
b asin  o f  P en d -O re ille  near th e  Idaho-Montana s t a t e  l in e  (F ig . l ) .  T his  
dammed the Clark Fork R iver and c r e a te d  C la c la l  Lake M issou la , which 
covered 3#300 square m ile s ,  w ith  I t s  h ig h e s t  sh o r e lin e  a t  a  maximum 
e le v a t io n  o f  4 ,200  f e e t .  The g r e a te s t  depth o f  th e  la k e  In  M issoula  
was 1 ,000  f e e t .
The c lo s in g  dra in age s ta g e s  o f  Lake M issou la  were reg u la r  as  
in d ic a ted  by the c lo s e ly  spaced beach l i n e s  on Mt. Jumbo and K t. S en ti­
n e l  In M issou la  V a lley  (P ard ee , I 9IO, p . 381; A lden, 1953* P* 1 5 4 ).
Three s e t s  o f  te r r a c e s  have been formed during p o e t -P le ls tc c e n e  
entrenchm ent o f  th e  Clark Fork River* The average depth o f  the  
entrenchment I s  approxim ately  f i f t y  f e e t  (B akins and Honkala, 1952,
p* 1361) .
G eneral G eology o f  M issou la  end V ic in it y
The rock s in  th e  v i c i n i t y  o f  M issou la  V a lley  range in  age from 
Precambrian to  R ecent, w ith  on ly  M esozoic system s m iss in g . Exposure o f  
P a le o z o ic  rock s I s  l im ite d  to  th e  Garnet Range and in  w estern  M issou la  
County (F ig . 2) .  In the B it t e r r o o t  V a lle y  th e  B e lt ia n  sedim ents are 
Intruded by C retaceous g r a n it ic  ro ck s. T e r tia r y  v o lc a n lc s  are l o c a l l y  
w idespread . P le is to c e n e  s i l t s ,  san ds, and g r a v e ls ,  and T ertia ry  la k e  
sed im ents are found both  In th e  M issou la  and B it t e r r o o t  V a lley s  (S ah inen ,
h.
 f---
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1. M iMton V aîley. L i t t l«  B i t t r r r o o t  V nïley. S, N im n i le  VkHfV.
S. J w k o  VaJIcy. 4. M iw ou)*  V alley. #, B itte r ro o t  V alley.
*Pie. 1 The Cî3.ark Fork drainage system  o f  
which th e  nnB'oered h a e in s  were snhraerged 
during th e  P le is to c e n e  hy G la c ia l Lake M is- * 
eou la  (From P krdee, 1942)*
5.
1957. P- 4 ) .
Physiography
The area  under in v e s t ig a t io n  i s  lo c a te d  in  the Pocky Mountain 
p h ysiograp h ic  p r o v in ce . In th e  v i c i n i t y  o f  M issou la  i t  i s  ch a ra cter ized  
hy g e n e r a lly  n orth  to  n orthw est tren d in g  mountain ranges (F ig . 2 ) .  
Drainage o f  the M issou la  V a lle y  i s  to  the northw est hy the Clark Pork 
River which flo w s to  th e  Columbia R iver and u lt im a te ly  to  the P a c if ic  
Ocean (P ig . l ) .  W ithin th e  M issou la  V a lle y  and upstream , th e  Clark Pork 
i s  fe d  hy a  number o f  t r ib u t a r ie s ,  p r in c ip a l  o f  which are the B it te r r o o t  
and Rock Creek d ra in ages from th e south  and th e  B la ck fo o t R iver from the  
n orth . S ig n if ic a n t  to  t h i s  problem because o f  g la c ia t io n  in  i t s  upper 
reach es i s  the r e l a t iv e l y  sm all R a ttle sn a k e  Creek drainage from th e  
north in  the v i c i n i t y  o f  M issou la . West o f  M issou la , th e  M nem ile b asin  
i s  drained by th e  sm all so u th ea st f lo w in g  K inem ile Creek.
G la c ia l Source Areas
The varved sed im ents d e p o s ite d  in  the M issou la  V a lley  are  
b e lie v e d  to  have been d er ived  from W isconsin age g la c ie r s  in  th e  head­
w aters o f  th e  B la ck fo o t and R a ttlesn a k e  V a lley s  w ith  a minor con trib u ­
t io n  from g la c ie r s  emptying in to  the B it te r r o o t  V a lle y  (P ig . 2 ) .  The 
bulk o f  th e  source m a te r ia l probably came from th e  B lack foo t V a lley  
g la c ie r ,  th e  fa%*thest advance o f  which i s  marked by a moraine a t  C lear­
w ater, approxim ately  35 m ile s  e a s t  o f  M issou la  (A ld en , 1953» P* 1 0 8 ). 
Pardee (19%2, p . 1572) b e l ie v e s  th a t  s i l t s  in  the M issou la  V a lley  were
N
d erived  m ainly  from th e  B la ck fo o t V a lle y . The g la c ia te d  reg io n  in  th a t  
a rea  i s  u n d er la in  by Precambrian a r g i l l i t e s ,  carbonate rock s, q u a r tz ite s
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R g .  2 Miap showing sam pling p o in ts  in  M issou la  T a lle y  end 
surrounding a rea . TWcen from (A lden , 1953)*
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and T e r tia r y  sed im ente. Some o f  the m a ter ia l was a ls o  d erived  from th e  
R a ttle sn a k e  g la c ie r  which i s  th e  lo w est ex te n s io n  o f  th e  M ission  Range 
i c e  c e n te r . A term in a l moraine approxim ately  f i v e  m ile s  north  o f  Mis­
so u la  marks th e  fa r t h e s t  advance o f  t h i s  g la c ie r .  The g la c ia te d  area  i s  
p r im a r ily  u n d er la in  hy Pre-Camhrian a r g i l l i t e s ,  carbonate ro ck s, and 
q u a r tz ite e .
Methods o f  I n v e s t ig a t io n
A pproxim ately fo r t y  days were spent in  the f i e l d  m easuring varve  
th ic k n e s s e s ,  c o l l e c t in g  sam ples, and determ in ing  e le v a t io n  p o in ts  o f  
a rea s  o f  in v e s t ig a t io n .  The varved sedim ents are w e ll  exposed through­
out the v a l l e y ,  hut deep m echanical w eathering makes sampling and mea^ 
su rin g  im p r a c tic a l a t  many lo c a t io n s .
The dark and l i ^ t  la y e r s  were m ech an ica lly  separated  and d is ­
p ersed  in  1000 ml c y l in d e r s .  C la y -s iz e d  p a r t ic l e s  (< 2m) were withdrawn, 
and c e n tr ifu g e d  on u n glazed  p o r c e la in  p la t e s .  X-ray p a tte r n s  wore 
oh ta in ed  w ith  a  d if fr a c to m e te r , u t i l i z i n g  copper Z a lph a r a d ia t io n .
S iz e  a n a ly se s  o f  th e  dark and l i g h t  m a ter ia l o f  the varved se d i­
ments were made w ith  a  s o i l  hydrom eter. A pproxim ately tw enty grams o f  
dark and l i g h t  m a te r ia l were an alyzed  fo r  calcium  carbonate con ten t  
u s in g  h y d ro ch lo r ic  a c id . F in a lly  a  number o f  sam ples were tr e a te d  w ith  
2K potassium  hydrox3.de s o lu t io n  w ith  th e  purpose o f  id e n t ify in g  the  
source m a te r ia ls  o f  th e  m on tm orillon itesa
D isc u ss io n  o f  Varve Types
M issou la  V a lle y  v a rv es c o n s is t  o f  sim p le , com p osite , and drainage  
ty p o s mado up o f  two d i s t i n c t  com ponents, a  dark and l i g h t  band. Varve
91.
th ic k n e s s e s  were c o n tr o lle d  hy sea so n a l v a r ia t io n s .  E x c e p tio n a lly  varia 
snmmors produced th ic k  v a r v e s , w h ile  c o ld er  sea so n s produced th in  
verves*  C on d ition s fa v o r in g  form ation  o f  sim ple v e r v e s  are low temper­
atures»  weak therm al s t r a t i f i c a t io n »  and grea t c ir c u la t io n  in  th e  la k e  
w aters (A n tev s , 1951, p . 125^)*
Composite v a r v e s , which were b r i e f l y  noted hy McCulre (1957 , 
p* 2 0 1 )» are  annual d e p o s i t s  whose summer components co n ta in  subordinate  
hut d i s t i n c t  lam inae (A n tev s , 1951, P# i s 6l ) *  T h is type o f  varve i s  
abnormal and rare; i t  i s  b e l ie v e d  to  form in  la k e s  w ith  v a r ia b le  mud 
flo w s and s tr o n g ly  th erm ally  s t r a t i f i e d  w aters (A n tev s , 1951, p . 1 2 01 ). 
Composite and sim ple v a rv es  are shown In F ig u res  3 and h*
D rainage v a rv es  are  abnorm ally th ic k  s i l t  or sand la y e r s  pro­
duced by la k e  d r a in a g e s , th e  la k e s  b e in g  ponded between i c e  edges and 
h i ^ e r  lan d  or by dams (A n tev s , 1 9 2 2 , p , 69) .  These ty p es are shown in  
F igu res 5 and 6*
D e sc r ip t io n s  o f  L oca tion s
The d e p o s it s  a t  L o ca tio n s One, Two, and E leven  comprise th e  
s tr a t ig r a p h ie  column to  which v e r t i c a l  changes in  c la y  m ineralogy can 
be r e la te d .
L ocation  One
F ive  m ile s  w est o f  M issou la  on Highway 1 0 . Sec. 7 , TI3 , H. 19 W* 
E lev a tio n  31^0^0 f t .
The sed im ents are lo c a te d  on the n orth  s id e  o f  Highway 10 in  a 
f i f t e e n  fo o t  road cu t where 50^ v a rv es  were measured and p lo t te d  (P la te  
1) .  The average varve th ic k n e s s  i s  I .S 5 cm. Some v a r v e 9 e x h ib ite d  
fo ld in g  which cou ld  be caused by grounding o f  ic e b e r g s , d e p o s it io n  in
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A lg . 3 Sample o f  varved  la k e  s i l t s  showing s im p le , com posite, 
v arve8 and a ls o  a  sand la y e r  in  low er r i ^ t  corn er . (Taken a t  •
L ocation  E leven)
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F lg . 5 F ia e  sand o v e r la in  ‘by varved lak e  sed im en ts. ÜSaken 
approxim ately  f i v e  m ile s  northw es# from M issoula  on Mullen 
Bead.
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^Pig# 6 Three fo o t  th ic k  s i l t  la y e r  a s s o c ia te d  w ith  varve 
sed im en ts. Taken in  lo c a t io n  E leven .
12.
e h a llo v  w a te r s , and p o st  d e p o s it lo n a l  s l ip p in g .
Grain S ize  A n alyses!
l l # i t  Layers sand 5 .2  #  s i l t  1+7.6 % c la y  1+7.6 ^
Dark Layers sand 3 .6  ^ s i l t  kmG % c la y  9 1 .8  ^
L ocation  One-A
Located d ir e c t ly  o p p o s ite  L ocation  One in  a d itc h  beneath  th e  south  s id e  
o f  H i^ w ay 10 .
Here e i ^ t y  s ix  v a r v es  were counted . Three sand la y e r s  e x h ib it ­
in g  graded bedding from gran u le  to  f in e  send s iz e  were n oted . Matthews 
( 1956, pp. 537- 552) in  a study o f  sed im en ta tion  in  a g la c ia l  lak e  
rep orted  s im ila r  graded lam in ae, end a t tr ib u te d  th e  grad ing to  tu r b id ity  
c u r re n ts .
L ocation  Two
Approxim ately two m ile s  southw est o f  L ocation  One. SB Sec. 11 , T .I3
H ., R .20 W. E le v a tio n  3155*0 f t .
The la k e  sed im ents are exposed in  a th ir t y  fo o t  Milwaukee r a i l ­
road c u t ,  and are s t r a t ig r a p h ic a l ly  low er than L ocation  One (McGuire, 
1957* p . 197)* Here 820 v e r v e s  were counted end p lo t t e d  (P la te  2 ) .  The 
average varve th ic k n e ss  i s  1 . 1+2 cm.
The s e r ie s  c o n s i s t s  o f  s im p le , com posite and drainage v a rv es .
They are w e ll  la m in a ted , but in  p la c e s  e x h ib it  fo ld in g . The drainage  
v a rv es are fo u r  d i s t i n c t  sand la y e r s ,  the bottom  la y e r  b e in g  approxi­
m ately  th r ee  f e e t  th ic k . The upper sand la y e r s  were traced  two m ile s  
northw est a lon g  th e  r a ilr o a d  c u t ,  and were found to  grade l a t e r a l l y  in to  
s i l t  and f i n a l l y  to  p in ch  o u t . T his grad ation  in d ic a te s  th a t th e  source  
was from th e  e a s t .
13.
Grain Size Analyses:
L igh t Layers sand 5*^ ^ s i l t  $ 4 ,2  i> c la y  i>
Lark L ayers sand 3*6 ^ s i l t  7*2 j6 c la y  8 8 .6  i>
Location Bight
J^proxim ately  s i x  m ile s  northw est o f  L oca tion  Two. Sec, 3 0 . T .lU  K .. 
a . 20 W. E le v a tio n  3138J0 f t .
A pproxim ately 3^  v a r v es  (P la te  Iji) were measured in  an exposed  
se c t io n  In a Fort hern P a c i f i c  r a ilr o a d  c u t where B e lt  rock pmd g ra v e l  
can he seen u n d er ly in g  th e  la c u s tr in e  sedim ents (P ig .  7)# Alden (1953» 
p . 156) In d is c u s s io n  o f  t h i s  area  s ta te d  th a t  much o f  th e  la c u s tr in e  
s i l t s  have been p reserved  from th e  meandering Clark Fork because o f  the  
p r o te c t io n  a ffo rd ed  by u n d er ly in g  co a rse  g r a v e l and lim esto n e  which 
form a b l u f f  s a l i e n t ,  fo u r tee n  m ile s  northw est o f  M issou la  (F ig . 9 ) »
VarveB are o f  the s im p le , com p osite , and d rainage ty p e s , o f  which 
some e x h ib it  fo ld in g  ( F ig .  8 ) .  Average varve th ic k n e ss  i s  1 .^1 cm.
Grain Size Analyses:
L ight Layers sand 4 .8  $  s i l t  4 0 .1  i> c la y  5 5 .1  ft
Lark L ayers sand 3*4 ^ s i l t  3 2 .6  f  c la y  6 4 .0  f
Location Eleven
A pproxim ately th ir te e n  m ile s  w est o f  M issou la , n orth  s id e  o f  Highway 10 . 
Sec, 3 5 , T .I 3 H ., R.21 W. E le v a tio n  3072.O f t .
T h is s e r ie s  c o n s i s t s  o f  s im p le , com p osite , and drainage v a r v e s , 
e x li ib it in g  more fo ld in g  than th e  v a rv es a t L oca tion s One and Two. Num­
erou s le n c e a  o f  sand and outwash m a ter ia l are d is tr ib u te d  th r o u ^ o u t  
th e  s e c t io n  su g g es tin g  p o s s ib le  sh a llow  d e p o s it io n  w ith  f lu c tu a t in g  
d ep th s. No measurements were attem pted because o f  th e  com plicated
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15.
natiare o f  t h i s  s e c t io n .
Grain s i z e  a n a ly se s  show th e  p resen ce  o f  more coarse  m a ter ia l  
th en  a t  L oca tion  One and Two, su g g e s t in g  th a t t h i s  lo c a t io n  i s  r e la ­
t i v e l y  o ld e r . T h is c o n c lu s io n  i s  based  on the assum ption th a t as a gla^  
c le r  r e t r e a t s ,  i t s  d is ta n c e  in c r e a s e s  away from th e  d e p o s it io n a l a rea , 
th u s th e  over lap p in g  y e a r ly  sed im ents should show a  d ecrease  upward in  
co a rse  m a te r ia l. The p o s tu la te d  e a r l ie r  d e p o s it io n  i s  fu r th er  substan­
t ia t e d  by th e  lo c a t io n  o f  t h i s  s e c t io n , ly in g  fa r th e s t  w est o f  the  
e a s t e r ly  g la c i a l  source a rea  (P ig . 2 ) .  However, c o n tr ib u tio n  from 
nesLTby minor d ra in ages i s  n ot p reclu d ed .
Grain S iz e  A n alyses:
L i ^ t  L ayers sand 6 .9  ÿ  s i l t  3^*7 5̂  c la y  56*% ^
Dark L ayers sand 3*^ 5̂  s i l t  2 ^ .4  ^ c la y  72*0 ^
L ocation  Twelve
O ne-half m ile  n o r th e a st  o f  Donner on th e  south s id e  o f  Highway 20.
The s e c t io n  c o n s i s t s  o f  s i x  f e e t  o f  sand and coarse  m a ter ia l  
o v e r la in  by fou r  f e e t  o f  l i g h t  brown c la y ,  in ter la m in a ted  w ith  minute 
dark brown and y e llo w  bands o f  c la y . Dark la y e r s  ( .6 2  cm.) are con­
sp icu ou s in  th e  top  and bottom o f  th e  c la y  s e c t io n .
L ocation  T h irteen
P o r ty - f iv e  m ile s  e a s t  o f  M issou la  on Highway 20 , UOO yards e a s t  o f  the  
B la ck fo o t H iver . SB Sec. 18 , T.l*+ N ., H .lU  W.
Sam ples o f  dark and 11 ̂ t  m a te r ia l  were tak en  from a s i x  f o o t  
s e c t io n  c o n s i s t in g  o f  v e r y  sm a ll w in te r  la m in a t io n s  end th ic k  summer 
l a y e r s .  G rain s i z e  a n a ly s e s  were made o n ly  on th e  l i g h t  m a te r ia l s in c e  
mechaniCGil s e p a r a tio n  o f  th e  dark la y e r s  was n o t p o s s ib l e  w ith o u t
Iff.
s ig n i f ic a n t  contam ination  Toy the l ig h t  m a te r ia l.
Grain S iz e  A n alyses:
L ight L ayers sand 1 1 .3  ^ s l i t  7 8 .3  $  c la y  1 0 ,4  ^
L ocation  F if te e n
Two m ile s  e a s t  o f  M issou la  south  s id e  o f  H i^ w ay 1 0 , Sec, 1 3 , TI3 K ., 
R,18 W,
A pproxim ately 320 varv©a were measured (P la te  3)» The average  
varve th ic k n e ss  I s  3«^3 The v a rv es  a t t h i s  lo c a t io n  are tw ice  as
th ic k  as th e  o th er  measured v a rv es  in  th e  v a l le y .  I t  i s  b e lie v e d  th a t  
t h i s  area  was th e  I n i t i a l  s i t e  o f  d e p o s it io n  where la r g e  In flu x e s  o f  
m a ter ia l would c r e a te  u n u su a lly  th ic k  v a r v e s . The se c t io n  i s  bottomed 
by sand and coarse  m a te r ia l,  probably a p art o f  a  sand bar . Hear the  
top th e  varves appear fo ld e d  and d is tu r b e d .
Grain S ize  A n alyses:
L ight L ayers sand 6 ,6  ^ s i l t  59*3 ̂  c la y  ^
Dark Layers sand 4 ,3  ^ s i l t  47*9 ^ c la y  4 7 ,8  ^
L ocation  Twenty-One 
A pproxim ately t h i r t y - f i v e  m ile s  w est o f  M issou la . Sec. 6 , T.42 ,
E.2 3  W.
A grab sample was taken  from the Northern P a c i f ic  r a ilr o a d  cut 
tw enty yards sou th  o f  Saw M ill Gulch Road on th e  south  s id e  o f  the Clark 
Pork R iv e r .
D e s c r ip t io n  o f  S e c t io n :
Layer o f  a llu v ium  (to p )
F iv e  fo o t  la y e r  o f  f in e  sand
17.
Three fo o t  la y e r  o f  graded sand 
Layer o f  very  f in e  s a l t
L ocation  T h irty  
F ive  m ile s  e a s t  o f  A lte r  to n . Sec. 3 , T . l U N . , E.2 3  V.
Samples were tak en  from a  f i f t e e n  fo o t  cut on th e  north  s id e  o f  
Highway 10 . The secticy i c o n s is t in g  o f  s im p le , com posite and drainage  
v a rv es , o v e r l ie s  B e lt  sed im en ts. P resen t near th e  bottom o f  the sec­
t io n  are fo u r  d i s t i n c t  sand la y e r s .
Grain S ize  A n alyses:
L i ^ t  Layers sand 4 .8  ^ s i l t  5 4 .2  c la y  4 l.O  ^
Dark L ayers sand 2 .0  ^ s i l t  2 .6  #  c la y  9 5 .4  ^
L ocation  F orty
Two m ile s  w est o f  M isso u la , approxim ately  3OO yards north  o f  Highway 10 
behind M issou la  A uction  Company.
A f i f t e e n  fo o t  s e c t io n  o f  coarse  outwash m a te r ia l,  e x h ib it in g  
poor s t r a t i f i c a t i o n ,  and c o n ta in in g  sand and c la y  le n s e s ,  i s  exposed  
here (P ig . lO ). S ix  v a r v es  were counted in  one o f  th e  c la y  la y e r s .
The sand la y e r s  e x h ib it  graded bedding from gran u le  to  f in e  sand s i z e .
L ocation  J-One
A grab sample was tak en  from a cut in  M idway 93 approxim ately fo r ty  
m ile s  northw est o f  M isso u la . The s e c t io n  which o v e r l ie s  c o n s is t s  o f  
f in e  w h ite  s i l t s  and sands which e x h ib it  varve s tr u c tu r e s  (Pig. 1 1 ) .
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'7 ig«  9 View o f  s i l t  t e r r a c e  (P le is to c e n e )  fo u r teen  m ile s  n orthw est  
o f  M issou la  lo o k in g  so u th e a st  on M ullen Boad*
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'Plige 10 Outwash m a ter ia l e x h ib it in g  s t r a t i f i c a t i o n .  Clay 
and saact le n s e s  cannot b e  seen in  t h i s  v iew , Thken Ihvo 
m ile s  w est o f  M issou la  (L oca tion  F o r ty ).
19.
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 ̂ Elg* 11 VarveÆ a l i t a  end aands o v e r ly in g  
t i l l  in  Jocko T a lle y  (F o rty  m ile s  northw est 
o f  M issoula}* A s i x  to  tw elve in ch  'oxidation  
zone on to p  o f  t i l l  la  p resen t h ere .
MIHERALCaT 0? YARVES
Q u a n tita tiv e  a n a ly se s  o f  th e  c la y - s iz e d  m a ter ia l r e v e a l th a t  
l l l i t e ,  m o n tm o r lllo n ite , c h lo r i t e ,  and k a o l in ! t e  are p resen t in  order 
o f  d e c r e a s in g  abundance. There i s  more i l l i t e  and c h lo r i t e  in  the dark 
w in ter  dark la y e r s ,  w h ile  m o n tm o r lllo n ite  and k a o l in ! te  are predominant 
in  the l i g h t  summer la y e r s  (T able l ) .
The observed d i f f e r e n t ia t io n  o f  th e  c la y  m in era ls  may be 
exp la in ed  in  se v e r a l ways:
1 . D ia g e n e tic  changes in  th e  d e p o s lt io n a l  b a s in .
2. D i f f e r e n t ia l  sed im en tation  r a te s  caused by a v a r ia t io n  in  d e n s ity  
o f  th e  c la y  m in e ra ls .
3. D i f f e r e n t ia l  sed im en ta tion  caused by th e  f lo c c u la t in g  p r o p e r tie s  o f  
th e  c la y  m in e ra ls .
No ev id en ce  can be p resen ted  to  prove th a t d ia g e n e s is  wag in s ig ­
n i f ic a n t  in  a f f e c t in g  th e  M issou la  c la y  m in e ra ls . But Grim (195&, 
p . 2^9) in  d is c u s s in g  th e  n atu re  o f  d ia g e n e s is  o f  c la y s  s ta t e s  th a t  
in s ig n i f i c a n t  chem ical changes occur in  sedim ents d ep o s ite d  in  la c u s ­
t r in e  f r e s h  w ater environm ents. Furtherm ore, th e  low tem peratures in  
the P le is to c e n e  la k e  w aters would impede normal chem ical a c t i v i t y  found 
in  th e  la k e s .
The second e x p la n a tio n  i s  not a p p lic a b le  on th e  b a s is  o f  the fo l-
low in g  c la y  m ineral d e n s i t i e s  from Grim (1953* P« 3 1 2 ).
I l l i t e  2 .7 6  -  3*0 gm/cm^
M on tm orlllon ite  2 .5 3  -  2 .7^  gm/cm3
C h lo r ite  2 . 6o -  2 .9 6  gm/cm3
K a o lin !te  2 . 6o -  2 .6 8  gm/cm^
20.
21.
Table I
PEHCBNTAGE3 OF CLAY MIÎEERALS IN BARK AND LIGHT BANDS
L ocation  One
Sample M on tm orlllon ite I l l i t e C h lo r ite K a o lin ite
No. D. L. D. L. D. L. D. L.
A. 2 4 .5 3 3 .0 5 1 .0 4 6 .0 1 1 .0 1 1 .5 13 .0 8 .8
B. 3 1 .0 4 3 .0 4 3 .0 4 2 .0 1 9 .5 1 0 .0 5 .8 4 .2
c . 2 6 .7 2 9 .0 5 2 .0 5 0 .0 1 4 .5 1 4 .5 6 .3 7 .0
D. 3 1 .0 3 0 .0 5 2 .0 4 7 .0 21 .0 1 2 .0 1 .5 1 1 .0
z . 1 5 .0 2 7 .0 6 0 .0 5 1 .0 1 4 .5 1 5 .6 1 0 .0 5 .5F. 2 5 .0 2 8 .0 5 5 .0 4 6 .0 1 2 .0 1 3 .5 7 .3 1 1 .2G. 1 9 .0 3 0 .0 5 4 .5 4 9 .0 2 1 .0 1 2 .0 4 .5 9 .0
H. 2 5 .0 2 4 .0 5 1 .0 4 7 .0 2 0 .0 1 3 .3 3 .7 1 0 .8
Average 24.6 2 9 .6 5 2 .3 4 7 .2 1 6 .6 1 2 .8 7 .2 8 .4
L ocation  Two
Sample M on tm orlllon ite I l l i t e C h lo r ite K a o lin ite
No. D. L. D. L. D. L. D. L.
A. 1 7 .0 2 1 .0 6 0 .0 5 6 .0 1 5 .0 1 2 .5 9 .5 9 .5
B. 1 2 .5 3 8 .0 5 6 .0 44 .0 9 .0 1 0 .0 1 3 .5 8 .3
C. . 25 .0 3 8 .0 5 6 .0 4 1 .0 12 .7 1 0 .2 2 .0 1 0 .4
D. 3 7 .0 3 5 .0 4 6 .0 4 8 .0 1 1 .0 1 2 .0 9 .4 4 .8
z . 27 .0 2 8 .0 5 2 .0 5 0 .0 1 6 .2 1 7 .0 7 .2 4 .5F. 2 5 .0 2 7 .0 5 5 .0 6 3 .0 5 .0 5 .0 1 4 .5 5 .0
G. 22 .0 3 1 .0 5 6 .0 5 4 .0 14 .5 1 0 .5 4 .0 1 0 .7
H. 1 7 .2 2 5 .0 5 8 .0 5 1 .0 1 4 .5 1 2 .0 6 .0 1 1 .0
I . 2 0 .5 3 1 .0 5 3 .0 4 8 .0 2 3 .5 1 7 .0 5 .0 2 .5
J . 2 5 .5 3 1 .0 5 2 .0 4 8 .0 7 .5 9 .8 1 0 .0 1 0 .3
K. 2 2 .0 3 2 .0 5 8 .0 5 1 .0 1 4 .5 1 1 .5 6 .5 9 .5
Average 22 .7 3 3 .7 5 4 .7 5 0 .4 1 3 .0 1 1 .5 8 .5 7 .8
22.
Table I 
(Continued)
Location Eig;ht
Samole Montmorlllonite Illite Chlorite Eaollnite
No* D. L* D. L* D. L. D. L.
1 . 21A 3 7 .6 46*0 4 4 .0 1 5 .5 8 .4 1 1 .9 10 .9
2* ( s i l t ) ( 3g . 6) (4 3 .5 ) (9 .1 ) (9 .1 )
3 . 36*8 3 3 .6 4 5 .0 4 8 .5 1 1 .7 5 .8 8 .1 9 .7
k. 1 7 .5 2 7 .0 5 4 .5 5 3 .0 1 4 .8 1 2 .7 13 .1 7 .4
5 . 3 0 .0 2 9 .0 5 0 .0 4 9 .0 1 8 .5 8 .8 1 .1 13 .0
6* 22 A 3 7 .8 5 6 .0 4 6 .0 1 6 .8 9 .2 5 .1 6 .9
Average 26*8 3 3 .0 5 0 .3 4 8 .1 1 5 .4 8 .9 7 .8 9 .5
Location Eleven
Sample H on tm orillon i te I l l i t e C h lo r ite K a o lin ite
No. D. • 1 . D. L. D. 1 . D. L.
1 . 2k . 6 3 5 .8 5 7 .5 3 7 .0 8 .6 1 3 .6 10*0 1 3 .6
2 . 2 7 .5 2 8 .6 5 5 .0 5 5 .0 1 3 .7 1 1 .5 9 .3 4 .9
3 . 2 2 .6 2 3 .6 5 1 .0 5 1 .0 1 7 .5 7 .7 8 .7 1 7 .4
4. 2 4 .0 3 2 .6 5 3 .0 4 3 .0 1 6 .5 1 5 .5 6 .4 9 .0
5 . ( B i l t ) ( 35 . 0 ) ( 45. 5 ) ( 16 . 3) ( 7 . 3 )
6 . 1 7 .0 2 6 .2 6o.O 5 2 .5 1 5 .0 1 2 .6 6 .5 8 .4
Average 23 .1 2 9 .3 5 5 .3 4 7 .7 I k .  2 1 2 .1 8 .0 1 0 .6
Location Fifteen
Sample Montmorilloni t e Illite Chlorite Kaolinite
No. D.* L .* D. L. D. L. D. I .
A* 3 2 .0 3 1 .0 42.0 48.0 20.0 i4.o 5.5 5.3
B. 2 7 .0 28.0 5 2 .0 5 1 .0 12.0 i4.o 8 .2 6 .5
0 * 20.0 2 6 .0 59.0 5 2 .0 1 9 .4 7 .3 1 .2 14.6
D. 3 0 .0 2 9 .0 48.0 5 9 .0 11.0 9 .9 1 0 .0 5.8
E. 2 9 .0% 39.4 5 4 .0 4 5 .0 8.7 1 0 .0 8.6 5.8
Average 2 5 .5 3 0 .6 5 1 .1 5 1 .1 14.3 1 1 .0 6 .7 6 .9
(D. means "dark layer L, means "light layer")
23.
A ccording to  th e  d e n s ity  v a lu e s  o f  th e  c la y  m in e ra ls , i l l i t e  and 
c h lo r i t e  should s e t t l e  ou t f i r s t  c o n c en tr a tin g  in  th e  l ig h t  co lored  
summer la y e r s ,  w ith  k a o l in i t e  and m on tm orlllon ite  s e t t l i n g  la t e r  during  
th e  q u ie t  n o n - in f lu x  p e r io d  c o n c e n tr a tin g  in  th e  dark co lored  w in ter  
components* The d a ta  in  Tahle 1 Ehows th a t  a c tu a l ly  th e  rev erse  i s  
tr u e , in d ic a t in g  th a t th e  d e n s i t i e s  were not c r i t i c a l  in  the d i f f e r ­
e n t ia l  sed im en ta tion  o f  th e  Lake M issou la  c la y  m in e ra ls .
The th ir d  e x p la n a tio n  th a t d i f f e r e n t i a l  sed im entation  r a te s  
caused hy th e  f lo c c u la t in g  p r o p e r t ie s  o f  the c la y  m in era ls i s  "believed 
to  be th e  fa c to r  which c o n tr o lle d  th e  observed d i f f e r e n t ia t io n  o f  th e  
Lake M issou la  c la y  m in era ls  in  th e  P le is to c e n e  la k e  w a ters . V hitehouse  
and J e f f r e y  (1955» P* 27%) rep o rt in  a study o f  p e p t iz a t io n  r e s is ta n c e s  
o f  c la y  m in era ls  w ith  v a r io u s  a lk a l in e  d is p e r s in g  ag en ts  th a t the order 
o f  in c r e a s in g  s t a b i l i t y  in  su sp en sion  i s  m o n tm o r illo n ite -k a o lin ite -  
l l l i t e .
D i f f e r e n t ia l  sed im en ta tion  caused by v a r i a b i l i t i e s  in  the f lo c ­
c u la t in g  p r o p e r t ie s  o f  th e  c la y  m in era ls  appears to  be th e  fa c to r  
which co n cen tra ted  i l l i t e  and c h lo r i t e  in  th e  dark w in ter  la y e r s  and 
m o n tm o rlllo n ite  end k a o l in i t e  in  th e  l i g h t  summer la y e r s .  S ilt - le id e n  
w aters en tered  th e  submerged M issou la  V a lle y  d u rin g  th e  summer m elt 
p e r io d , a t  which tim e, th e  sed im en ta tion  r a te  o f  k a o l in i t e  and mont­
m o r ll lo n ite  exceeded th a t  o f  i l l i t e  and c h lo r i t e .  During the w in ter  
when th e  sed im en ta tio n  r a te  was low , i l l i t e  and c h lo r i t e  f lo c c u la te d  
in  e x c e s s  o f  m o n tm o rlllo n ite  and k a o l in i t e .
The e f f e c t iv e n e s s  o f  d i f f e r e n t i a l  sed im en ta tion  seems to  vary  
w ith  d i f f e r e n t  c la y  m in e ra ls . F igu res 12 and 13 are p lo t s  o f  i l l i t e  
a g a in s t  m o n tm o r lllo n ite  and c h lo r i t e  a g a in s t  k a o l in i t e  in  both  summer
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and winter layers respectively. Figure 12 shows that illite is concen­
trated in the winter layers. In Figure I3 there is no apparent differ­
ence in the relative amounts of kaolinite and chlorite. This suggests 
that the flocculating mechanism was more effective in separating mont­
morlllonite and illite from suspension than kaolinite and chlorite.
Correlation of Yarved Clays One of the objectives of this study was 
to determine the geographic distribution of the clay minerals at a 
specific time. To do this, the strata would have to be correlated.
The method of correlation attempted was that of Antevs (1922), based 
on variations in varve thicknesses.
The s t r a t a  a t  th e  v a r io u s  lo c a t io n s  could n o t be c o r r e la te d . 
Other ty p e s  o f  in form ation  ob ta in ed  were the average th ic k n e sse s  In 
each s e c t io n .  Two o b v io u s ly  c o r r e la t iv e  s e c t io n s  75 yards apart were 
measured s p e c i f i c a l l y  fo r  th e  purpose o f  t e s t in g  th e  f e a s i b i l i t y  o f  
th e  c o r r e la t in g  tech n iq u e . P la te  5  ̂ shows th a t th e se  two s e c t io n s  
cotO.d be c o r r e la te d  by th e  varve th ic k n e ss  tech n iq u e .
S tr a tig r a p h ie  Changes in  th e  Clay M ineral S u ite  L ocation s One, Two, 
and E leven  are b e lie v e d  to  rep resen t s e c t io n s  o f  in c r e a s in g  r e la t iv e  
age . T h is i s  based on ev id en ce  p resen ted  on pages 9 # 12* 13* Examin­
a t io n  o f  th e  c la y  m in era ls  from th e  th ree  s e c t io n s  shows no d e te c ta b le  
changes in  the c la y  m ineral s u i t e  (T able l ) .  The c o n s is te n c y  o f  the  
c la y  m lnerttl s u i t e  in d ic a te s  l i t t l e  change o f  environm ental c o n d itio n s  
a t  the source or a t the d e p o s lt io n a l  a r e a s .
Begaits of Potassium Fixation Seme montraorillonites subjected to 
potassium hydroxide treatments will contract to 10 A. This contraction
27.
in d ic a t e s  a  n e t  n e g a t iv e  te tr a h e d r a l charge in h e r ite d  from a m ica type  
scu rce  m ater ia l*  L i t t l e  or  no c o l la p s e  r e s u l t s  from a r e la t iv e ly  low  
n e t  n e g a t iv e  te tr a h e d r a l charge p r e se n t In montmor11I o n ite s  o r ig i ­
n a tin g  from a  non-m icaceous source (W eaver, 1958 , pp, 829-859)*
The tr e a te d  sam ples d id  n ot c o n tra c t and upon g ly c o la t io n  
o
expanded to  17 A* T h is in d ic a t e s  a  non-m icaceous source* The mont- 
m o r ll lo n it e s  were probab ly  d er ived  from the T e rtia ry  sedim ents in  the  
B la ck fo o t V a lley  (p* 5 ) .
H orizon ta l D is tr ib u t io n  o f  C lay M inerals in  M issou la  V a lley  The 
average p e r ce n ta g es  o f  th e  c la y  m in era ls  from th e  dark and l ig h t  
la y e r s  a t each lo c a t io n  were p lo t t e d  a g a in s t  d is ta n c e  from L ocation  
F if t e e n  which i s  b e l ie v e d  to  be th e  i n i t i a l  s i t e  o f  d e p o s it io n  o f  
m a ter ia l in  Lake M issou la  d er ived  from th e  B la ck fo o t G la c ier . A sys­
tem a tic  d is t r ib u t io n  o f  th e  c la y  m in era ls  w ith  th e  ex cep tio n  o f  
e r r a t ic  p o in ts  a t  L ocation  F ig h t , i s  ev id en t In F ig u res lU , 1 5 , and 
1 6 * I t  i s  r e a l iz e d  th a t  any c o n c lu s io n s  reached from t h i s  d is tr ib u a  
t io n  w i l l  be based on l im ite d  d a ta , n e v e r th e le s s  th e  tren d s appear to  
be s i g i i f i c a n t  enough to  warrant d is c u s s io n .
H orizon ta l D is tr ib u t io n  o f  I l l i t e  and M ontm orlllon ite  F igure 1̂ - 
shows th e  tren d s in  abundance o f  i l l i t e  in  the dark and l i ^ t  la y e r s  
w ith  in c r e a s in g  d is ta n c e  from the s i t e  o f  i n i t i a l  d ep o sitio n *  The 
abundance o f  i l l i t e  in  th e  dark la y e r s  in c r e a se s  w ith  d is ta n c e ;  the  
abundance o f  i l l i t e  in  th e  l i g h t  la y e r s  d e c r e a se s  w ith  d istan ce*
P lo t s  o f  m o n tm o rlllo n ite  show a d ecrea se  In abundance w ith  d is ta n c e  in  
b oth  l i g h t  and dark la y e r s  (F ig* 1 5 ) .
Comparison o f  i l l i t e  and m on tm orlllon ite  (dark  la y e r s )  shows an
sp.
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appeirent in c r e a se  in  i l l i t e  and d ecrea se  in  m on tm orillon ite  (Fig* l 6 ) .  
The apparent in c r e a se  in  i l l i t e  and d ecrea se  in  m on tm orillon ite  i s  
b e lie v e d  to  he c o n tr o lle d  hy th e  n atu re  o f  th e  f lo c c u la t e s .  The s ta ­
b i l i t y  o f  i l l i t e  in  su sp en sion  p r e v en ts  e a r ly  f lo c c u la t io n .  T herefore  
i l l i t e  in c r e a s e s  w ith  d is ta n c e  from th e sou rce . M ontm orillon ite  f lo c ­
c u la te s  more q u ic k ly  and th e r e fo r e  d e c re a ses  w ith  d is ta n c e . E o lfe  
( 1957» pp. 3 7 ^ 3 ^ 0 ) in  a study o f  Lake Mead sed im ents reported  a sim i­
la r  r e la t io n s h ip .  In th e  upstream  end o f  th e  la k e , m on tm orillon ite  i s  
dom inant, w h ile  in  th e  downstream end o f  th e  la k e , I l l i t e  i s  dominant. 
He b e lie v e d  the change in  com p osition  was due to  "sed im entation  in  a 
n a tu ra l f lo c c u la t in g  environm ent." Many in v e s t ig a to r s  have noted sim­
i l a r  tren d s in  Recent sedim ent s tu d ie s  and a ttr ib u te d  the changes to  
d ia g e n e s is  (Grim and John s, 195^; Brown and Ingram, 195%).
The equal amounts o f  i l l i t e  in  the daik  and l i ^ t  la y e r s  add 
fu r th er  ev id en ce  th a t a  f lo c c u la t in g  mechanism was th e  predominant 
c o n tr o l in  th e  observed  c la y  changes (F ig , 1%). L ocation  F if te e n  
appears to  have been an area  o f  i n i t i a l  d e p o s it io n  in  G la c ia l Lake Mis­
so u la . The sed im en ta tion  r a te  was h ig h , a s  shown by th e  th ic k  varve s .  
C on sequ en tly , any d i f f e r e n t ia t io n  due to  f lo c c u la t io n  v a r ia t io n s  in  the  
c la y  m in era ls  would tend  to  be ob scu red , r e s u lt in g  in  the same abun­
dance o f  th e  c la y  m in era ls  in  th e  dark and l ig h t  la y e r s .  The equal 
abundance was ob served . Changes in  the amounts o f  i l l i t e  were not  
observed  u n t i l  a t  L ocation  One (F ig . 1%). At t h i s  p o in t the sedimen­
t a t io n  was probably c o n tr o lle d  l e s s  by in f lu x  r a te  and more by the  
natu re o f  th e  f l o c c u la t e s .
Horizontal D is tr ib u t io n  o f  C h lo r ite  and K a o lin ite  P lo t s  o f  c h lo r i t e
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in d ic a te  no apparent change w ith  d is ta n c e ;  k a o l in i t e  shows an in c re a se  
w ith  d is ta n c e  (F ig .  1? ) .  From the c o n c lu s io n s  reached on page i t  
v on ld  seem th a t c h lo r i t e —i l l i t e  and m o n tm o r illo n ite -k a o lin ite  should  
e x h ib it  p a r a l le l  tr e n d s . As d is c u sse d  on page 23 the abundances o f  
m o n tm o r illo n ite  and i l l i t e  are d e te c ta b ly  d i f f e r e n t  in  th e  summer and 
w in ter  la y e r s .  The r e l a t iv e  amounts o f  c h lo r i t e  and k a o l in i t e  are n o t.
Calcium Carbonate Content Dark m a ter ia l from L ocation  F if te e n  and 
l i ^ t  m a te r ia l from L o ca tio n  E leven were analyzed  fo r  calcium  carbon­
a t e .  The a n a ly se s  showed app roxim ately  8 . 8#  in  th e  l i g h t  la y e r s  and 
4*0# in  th e  dark la y e r s .  These r e s u l t s  are in t e r e s t in g  In the l ig h t  
o f  s tu d ie s  made by Burwash (1938# from Eden, 1955# P* 672) who b e lie v e d  
th a t  h ig h  carb on ic  a c id  co n c en tr a tio n  in  th e  la k e  w aters during the  
w in ter  season  would h o ld  calcium  carbonate in  s o lu t io n ;  during the  
warmer summer season  th e  carbon d io x id e  would be d r iv en  o f f ,  p r e c ip i­
t a t in g  ca lc iu m  carb on ate . L egget and B a r tly  (1953) found calcium  cta»- 
b on ate o n ly  in  th e  l i g h t  la y e r s  o f  the Steep Eock Lake c la y s . W allace 
(1927 from Eden, 1955# P* 673) rep orted  more calcium  carbonate in  the  
l i ^ t  la y e r s .  The p resen ce  o f  calcium  carbonate in  the dark w in ter  
la y e r s  in d ic a te  th a t e i t h e r  the Lake M issou la  w aters were sa tu rated  
w ith  calcium  carbonate or  th a t th e  carb on ic  a c id  con ten t was low , 
e ith e r  c a se  le a d in g  to  p r e c ip i t a t io n  o f  ca lca reo u s m a ter ia l during the  
w in ter  sea so n .
Area.fi A d jo in in g  M issou la  V a lle y  Ho s ig n if ic a n t  changes in  the c la y  
m ineral ty p e s  are apparent in  th e  nearby areas (T able 2 ) .  A h igh  abun­
dance o f  i l l i t e  ( 65 . 0# ) i s  p resen t a t  L ocation  T h ir teen  (F ig . 2) .  T îils 
a rea  i s  th e  c lo s e s t  sam pling p o in t to  th e  B lack foot g la c ia l  sou rce.
Sample
No.
1.
Sample
No.
1.
Sample
No.
Sample
Sample 
No. _
3>+.
Table I I
PEHCEÎÎTAGES OP CLAY MÎÎTEPALS IN ADJOINING APJ3AS 
L ocation  Twelve (O n e-h a lf m ile  NP o f  Bonner) 
M on tm orillon ite  I l l i t e  C h lo r ite
M on tm orillon ite  
D. L.
3 6 .2
L ocation  T h irteen
I l l i t e  
D. L.
1 0 .5
C h lo r ite  
D. L.
1 2 .4  3 8 .0 6 5 .0 4 5 .7 1 7 .0 S.7
L ocation  Twenty-One (35 m ile s  w est o f  M issoula) 
M on tm orillon ite  I l l i t e  C h lo r ite
4 1 .5 4 1 .0
L ocation  Twenty-Two
M on tm orillon ite I l l i t e
8.6
C h lo r ite
K a o lin ite
1 1 .5
K a o lin ite  
D. L.
5 .2  7 .3
K a o lin ite
8.6
K a o lin ite
No. D. L. D. L. D. L. B. Lc
1 . 3 0 .4 3 7 .4 4 4 .0 5 2 .5 11.6 8.8 9 .7 5 .2
Location Thirty
Sample Montmorillonite Illite Chlorite Kaolinite
No. D. L. B. L. D. L. D. L.
1 3 1 .3 # 5 1 .0 11.4 6 .1
2 3 3 .0 28.4 5 1 .0 48.0 14.8 9 .7 1 .0  1 1 .7
3 3 2 .6 40.0 5 2 .0 48.0 11.0 11.0 3 .6  1 .04 2 5 .6 35.0 5 2 .0 48.5 i6o7 9 .4 5 .7 7 .6
5 3 7 .0 3 2 .0 5 0 .0 4 7 .5 14.5 7 .1 4 .5 11 .9
Average 32*0 33.5 5 1 .3 48.0 1 3 .6 9 .3 4 .1 8 .0
Location J—One (Jocko V a lley )
M on tm orlllon ite I l l i t e
N 1 8 .5 5 6 .0
•  Sample was not taken due to  w eathering,
C h lo r ite
20.0
K a o lin ite
5 .0
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The varved sed im ents exposed in  L ocation  T h irty  resem ble 
c lo s e ly  th e  sed im ents in  L ocation  Two in  th a t both c o n ta in  four* d i s ­
t i n c t  e q u a lly  spaced sand la y e r s .  Ho c o r r e la t io n  based on t h i s  sim i­
l a r i t y  i s  p o s s ib le  a s  th e  sand la y e r s  in  L ocation  Two p in ch  out 
app roxim ately  two m ile s  w e st.
I t  i s  not known c o n c lu s iv e ly  whether th e  sedim ents o f  L ocation  
T h irty  were d er iv ed  from th e  e a s t e r ly  g la c ia l  sou rces or from p o s s ib le  
so u rces to  th e  southw est (F ig .  2 ) .  T h is lo c a t io n  i s  fa r th e s t  w est 
from th e  e a s t e r ly  g l a c i a l  sou rces and, s ig n i f ic a n t ly  th e  gra in  s iz e  
a n a ly s e s  show l e s s e r  amounts o f  coarse  m a ter ia l a s  compared to  the  
lo c a t io n s  in  M issou la  V a lle y .
I f  th e  sou rce o f  th e  sedim ents was from th e  e a s t e r ly  g la c ie r s ,  
then  th e  apparent h o r iz o n ta l  in c r e a se  o f  i l l i t e  and decrease  o f  mont­
m o r i l lo n ite  w ith  d is ta n c e  i s  n o t e v id en t here (T able 2). However, i t  
appears probab le  from study o f  a  g l a c i a l  map o f  the area  (F ig . 2) 
th a t  th e  sed im ents were d er ived  from sou thw est.
S ig n if ic a n c e  o f  D i f f e r e n t ia l  Sedim entation in  P resen t Clay Problems 
O pinion a s  to  th e  im portance o f  d ia g e n e t ic  e f f e c t s  on c la y  m inerals in  
marine environm ents i s  d iv id e d . Grim ( l9 5 3 t  P* 352) s t a t e s  th a t a 
most im portant d ia g e n e t ic  e f f o r t  in  t h i s  environment i s  the r e c o n s t i­
tu t io n  o f  degraded m ica and c h lo r i t e  by a b sorp tion  o f  K end Mg. A 
l e s s  im portant change i s  th e  slow  a l t e r a t io n  o f  m on tm orillon ite  and 
K a o lin ite  s tr u c tu r e s  to  i l l i t e  and c h lo r i t e  by d ia g e n e s is .
Weaver ( 195g , p . 25^) argues th a t the m a jo r ity  o f  c la y s  found 
in  sedim entary rocks and in  d e p o s it io n a l  b a s in s  r e f l e c t  th e ir  sou rce, 
and the o n ly  p r o c e ss  a f f e c t in g  c la y  m in era ls in  m arine environm ents i s
36.
c a t io n  a d so rp tio n  t y  degraded micas* I t  sho-uld be mentioned here th a t  
c a t io n  a d so rp tio n  i s  the same p r o c e ss  a s  Grlm*s r e c o n s t i tu t io n  o f  
degraded m ica s , which was mentioned above* Weaver s t a t e s  fu r th e r  th a t  
th e  e f f e c t  o f  d ia g e n e s is  has been overemphasized*
37.
A rev iew  o f  th e  l l t e r a t i i r e  shows th a t d ia g e n e s ls  I s  s tr o n g ly  
advanced to  ejqplain clay mineral changes in marine environments. Dietz 
taken from Murray and Sayyah, 195^t p . H33) rep orted  th at 
i l l i t e  i s  th e  prom inent c la y  m ineral in  Recent sedim ents heing abundant 
fa r  from shore» whereas m o n tm o rillo n ite  and k a o l in i t e  are more abundant 
near sh o re . Grim, D ie tz ,  and B radley ( 19U9 ) found in  a study o f  Recent 
sed im ents o f f  th e  c o a st  o f  C a lifo r n ia  th a t i l l i t e ,  c h lo r i t e ,  k a o l in i t e ,  
and m o n tm o r illo n ite  are  p r e s e n t , w ith  i l l i t e  b e in g  the most abundant 
and k a o l in i t e  th e  l e a s t  abundant. They b e l ie v e  th a t  k a o l in i t e  i s  
a lt e r e d  to  c h lo r i t e  and m o n tm o r illo n ite  by d ia g e n e t ic  changes.
Brown and Ingram (195^) id e n t i f i e d  k a o l in i t e ,  i l l i t e ,  m ontm oril- 
I o n i t e ,  c h l o r i t e ,  and mixed la y e r  a g g reg a tes  in  th e  Reuse R iv er , North 
C aro lin a . They found a downstream d ecrease  o f  k a o l in i t e  and montmoril­
l o n i t e  concom itant w ith  an in c r e a se  o f  c h lo r i t e  and mixed layered  
c h l o r i t e - i l l l t e .  They concluded th e se  changes were due to  a lt e r a t io n s  
o f  k a o l in i t e  and m o n tm o r illo n ite  in to  c h lo r i t e  and mixed layered  
c h l o r i t e s » i l l i t e 8 by d ia g e n e s is .  ■
Grim and Johns (195^) found m o n tm o r illo n ite , i l l i t e ,  c h lo r i t e ,  
and some k a o l in i t e  in  th e  northern G ulf o f  M exico. They reported  an 
in c r e a se  in  i l l i t e  and c h lo r i t e  and a d ecrease  o f  m on tm orillon ite  in  
p a ss in g  in to  th e  G ulf from th e Guadalupe R iv er . I t  was concluded  
th e se  changes were due to  tran sform ation  o f  m on tm orillon ite  to  ch lo ­
r i t e  and i l l i t e .  S ig n i f ic a n t ly ,  d i f f e r e n t i a l  sed im entation  was h e ld  
to  be a fa c to r  "which cou ld  n ot be ru led  o u t .”
Murray and Sayyab (1955) rep orted  i l l i t e ,  c h lo r i t e ,  and mixed 
la y er ed  i l l i t e s - c h l o r i t e s  and i l l i t e s - m o n t m o r i l lo n i t e s .  They found 
s tr u c tu r a l changes in  the c la y  m in era ls w ith  d is ta n c e  from shore and
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depth, rather than changes In clay mineral types. The structural 
changes were attributed to diageneois.
M ilne and E arly  (195^) rep ort in  a study o f  c la y  m in era ls from 
th e  M is s is s ip p i  D e lta  a r ea  th a t th ere  were no s ig n if ic a n t  changes in  the  
c la y  m ineralogy excep t in  the areas o f  slow  sed im en ta tion  where i l l i t e  
d e v e lo p s  from m o n tm o r illo n ite  hy d ia g e n e s is .  I t  was concluded th a t the  
c la y  m in era l s u i t e  i s  dependent upon th e  ch aracter  o f  the source area .
Weaver (1959) rev iew ed  the l i t e r a t u r e  o f  R ecent marine sedim ent 
in v e s t ig a t io n s  f in d in g  th a t most v a r ia t io n s  in  the c la y  m ineral d i s t r i ­
b u tio n  in  th e  ocean have been ex p la in ed  by a l t e r a t io n  and m o d ifica tio n  
o f  p r e - e x i s t in g  c la y  m in e r a ls . He con clu d es th a t  c la y  m in era ls are p r i­
m a rily  d e t r i t a l  in  o r ig in ,  r e f l e c t in g  the source a r e a s .
Many investigators have postulated diagenetic changes in Recent 
sediments caused by the marine environment when a river upon entering 
the sea shows an increase in abupdance of one or more clay minerals 
(usually montmorillonite and kaolinite). Weaver presents convincing 
evidence that these changes could be explained by other hypotheses. Cne 
of these hypotheses is preferential flocculation.
As argued by Weaver, diagenesis has been overemphasized as the 
primary cause for variations in clay minerals in Recent sediments. The 
study of clay minerals in Glacial Lake Missoula sediments shows that 
the variations in clay minerals can be caused by mechanisms other than 
diagenesis. For the Lake Missoula sediments differential sedimentation 
or preferential flocculation appears to be the most logical explanation. 
The effects of this mechanism are the segregation of the clay mineral 
suite, concentrating illite and chlorite in the dark winter layers, 
montmorlllonite and kaolinite in the light summer layers, and increase
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in  i l l i t e  and d ecrease  in  m on tm orillon ite  w ith  d is ta n c e  from sou rce. 
These v a r ia t io n s  are found in  a g l a c i a l  environment where chem ical a c t iv ­
i t y  was prob ab ly  v ery  lo w , and c e r ta in ly  no ap p rec ia b le  amount o f  p o ta s­
sium was a v a i la b le  to  co n v ert m o n tm o rlllo n ite  to  i l l i t e .
Sm^MARY M D  CONCLUSIONS
!• The Tarved sediments of Missoula Valley consist of simple, composite, 
and drainage varves*
2. Simple and composite varves suggest that the depositional conditions 
varied in the Missoula Basin. Normal seasonal changes produced 
simple varves, while marked variations in weather, intermittent mud­
flows, and stratified lake waters produced the rare composite varves.
3. The seasonal segregation of the Missoula clay mineral suite indi­
cates that illite and chlorite are more stable in suspension than 
montmorillonite and kaolinite,
4. The nature of the colloidal system was such that illite and mont­
morillonite were more effectively differentiated than chlorite and 
kaolinite,
5* Horizontal increases in illite and decreases in montmorillonite with 
distance from source are also caused hy differential sedimentation,
6, The most significant result of this study is that variations in 
clay mineral suites can he produced hy mechanisms other than 
diagenesis.
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APPENDIX
The sediments studied are locally exposed in railroad and 
highway cuts. The usual procedure for collecting field data was to cut 
a series of steps up the railroad and highway cuts, shaping smooth, ver­
tical faces on each step. The actual thicknesses of the varves were 
plotted directly on a roll of adding machine paper emd later transferred 
to graph paper. The thickness of the lowest varve was plotted on the 
first vertical line, the thickness of the second on the next vertical 
line, etc. All the points were connected and compared with graphs from 
other locations (Antevs, 1922, p, 4).
Blocks of material were chiseled out approximately every two 
feet in each vertical section and stored in plastic hags. The handed 
layers of each sample were mechanically separated. Representative 
amounts of dark and light material were dispersed separately in 1000 
ml* cylinders using sodium metaphosphate as a dispersing agent. After 
eight hours and ten minutes a pipette was Inserted to a depth of ten cm 
and twenty cc of material ( 2 ) was withdravm and stored in plastic 
hags for later x-ray analysis.
Surveying Elevation determinations of Locations One, Two, and Eleven, 
and Eight were made with a transit. Reference points along Highway 10 
were obtained from the Montana State Highway Department; U, S. Coast 
and Geodetic hench marks were used along the railroad cuts.
Grain Size Analyses Representative amounts of dark and light material
from each location were oven dried for forty-eight hours, and analyzed
for sand, clay, and silt content. Grain size analyses were made with
U l,
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th e  Buoyoucoa s o i l  hydrom eter (Knunheln and P e t t ijo h n , 193S, p . 1 7 2 ).
Potaaslnm Hydroxide Treatments A number of samples were subjected to 
potassium hydroxide in order to Identify the source mineral of the mont­
morillonite clays (Weaver, 195^t P* ^39)* Each sample was soaked in 2 N 
solutions for forty-ei#it hours, washed with distilled water, and 
x-rayed. Patterns were obtained on both untreated and glycolated 
samples.
Calcium Carbonate Analysis Twenty grams of oven dried light and dark 
material were treated with concentrated hydrochloric acid until no fur­
ther reaction was noted. The samples were washed, oven dried, and 
weighed. The loss in wei^t was ascribed to calcium carbonate.
Clay Sise Material Suspensions of clay size material were centrifuged 
on unglazed porcelain plates in order to obtain maximum orientation 
perallel the basal plane (Kinter and Diamond, 195&). X-ray patterns 
were obtained with a Horelco diffractometer, utilizing copper K alpha 
radiation. The scanning rate was one degree per minute; the chart rate 
one-half inch per minute.
Preliminary x-ray diffraction patterns of air-dried samples 
revealed (oOl) peaks at 15 A, 10 A, and 7*1 A which are respectively 
montmorlllonite (containing two water lâ ’ers), illite, and kaolinite or 
chlorite. After glycol treatment the 15 A peak shifted to 17 A indicat­
ing montmorillonite was present* A lesser peak at l4.5 A, indicative of 
chlorite, was confirmed by heat treating at about 600 C®. Since (OOl) 
kaolinite and (002) chlorite both occur at about 7 A, further treatment 
was necessary to confirm the presence of kaolinite (Pig. IS).
1 7  A
10 A
Fig. IS Typical diffractometer patterns of Miasoiila clays 
(j&) Air dried sample (B) (Glycolated sample)
Qaanltatlve Analyale Procedure The procedure for the quantitative 
analyele of c l a y  minerals was taken from Johns, Grim, and B rad ley ,
(l95^t P* 2^2). The method is based on the premise that the 3.5 A 
reflection of chlorite and kaolinite can be compared to the 3 .3 A 
reflection of illite since the scattering distribution at these angles 
are approximately equal. The 10 A reflection of illite which is one- 
fourth intense as the 15 A reflection of montmorillonite, is increased 
by a factor of four. The corrected Intensity of the 10 A illite reflec­
tion is then compared to the 17 A intensity of montmorillonite.
Johns, et al. found that if a sample is heated to ^50  ̂C for 
approximately forty minutes the chlorite contribution to the 3 .5  
reflection would be eliminated, while kaolinite would be unaffected at 
this temperature. However, the thermal stability of chlorite varies 
with composition and degree of crystalline perfection of the structure. 
The chlorite of the Lake Missoula sediments did not respond to heat 
treatments, and it was necessary to eliminate instead, the kaolinite 
by boiling in 1 N sodium hydroxide for an hour.
The procedure was to first x-ray the air-dried samples, mea­
suring the area under the 3*5 A and 3*3 ^ (OO3 of illite). The three 
components contributing to the 3 .5  A peak are chlorite (004), kaolinite 
(002), and montmorillonite (OO^j. Next the sample was glycoled and 
x-rayed, and the c.5 A, 17 A and 10 A peaks were measured. With this 
treatment the 3.5 A reflection decreased due to shifting of the (OOh) 
of montmorillonite. Finally, after the sodium hydroxide and heat treat­
ments, only the chlorite (OOh) contributed to the 3*5 ^ peak. The dif­
ference between this measured value and the value of the glycoled sample 
is the kaolinite equivalent (Fig.]9).
3.33 A
3.55 A
(A)
3.3
3.55 A
3.33 A
(B)
19 Changes In the 3*55 ^  peak after v a r io u s  treatments* 
(a) Air dried (B) Glycolated (C) EOH and heat treatments
\
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For exam ple, in  sample 30-D (T able 3 and. F lg .ig  ) , th e  I n t e n ­
s i t y  o f  the 3 ,5  A r e f l e c t io n  in  the a ir -d r ie d  sam ple i s  3 0 , and a f te r  
g ly c o l  treatm ent i t  red u ces to  28 , the change b e in g  a ttr ib u te d  to  mont­
m o r i l lo n i t e .  F o llow in g  sodium hydroxide treatm ent and h eat treatm en t, 
th e  in t e n s i t y  i s  18 which c o n s t i t u t e s  th e  c h lo r i t e  c o n tr ib u tio n . The 
d if f e r e n c e  betw een 30 and 18 would th en  be the k a o lin ite *  v a lu e . The 
r e la t iv e  i n t e n s i t i e s  o f  th e  c h l o r i t e ,  k a o l in i t e ,  and m ontm orillon ite  
are con verted  to  p a r ts  p er  one p art i l l i t e ,  and f i n a l l y  the p ercen tages  
o f  th e  m in era ls  are c a lc u la te d .
I n t e n s i t i e s  were measured by tr a c in g  background corrected  
peaks o f  th e  c la y  m in era ls  on s p e c ia l  d r a f t in g  paper. The drawn peaks 
were cu t ou t and w e ir e d .  The e n t ir e  area  cou ld  be a c cu ra te ly  measured 
in  t h i s  way.
^7.
Tbble 3 iü ia ly t ic a l  Dlata for. Sample 30 
A. R e la t iv e  I n te n s i t y  Data 
17 A 10 A 3*5 A 3*3 A Çomments
160 64 63 .
256 I l l i t e  c o rrec ted
30
28 C orrected  fo r  m on tm orillon ite
10 K a o lin ite  co rrec ted  fo r  c h lo r it e
18 c h lo r i t e
. B* Clay M ineral Com position
M on tm orillon ite  I l l i t e  C h lo r ite  K a o lin ite  Comments
,6 2  1 .2 1  .1 2  P arts  per one part
i l l i t e
2 1 .8  5 1 .0  1 1 .4  6 .1  Approximate p ercen t­
age o f  each c o n s t i -  
traent.
A n alyses o f  R ecent Sedimenta from the Clark Fork
A sample was c o l le c t e d  from th e  Clark Fork R iver and the c la y  m ineral 
c o n ten t was determ ined  w ith  a d iffr a c to m e te r  (T able 4 ) .  The c la y  min­
e r a l  s u i t e  o f  th e  Recent sed im ents a s  compared to  th e  c la y  m ineral 
s u i t e  o f  th e  P le is t o c e n e  M issou la  la c u s tr in e  sed im ents d id  not d i f f e r  
s i g n i f i c a n t ly .  '
Table 1|.
M on tm orillon ite  I l l i t e  C h lo r ite  K a o lin ite
in .5  ^  51.4 i  1 .̂6 $ 2.6 i
N
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X J N r v E R S l T Y  O W  M O N T A N A .
May 17 ,  1983
Erling Oel z , A c L 1 brary 
Susan Carkeek,,j/o/Fersonnel Serv ices  
C l a s s i f i c a t i o n  Review
As a r e s u l t  o f  the c l a s s i f i c a t i o n  review conducted by the State  Person­
nel D i v i s i o n 5 the fo l low ing  t i t l e  changes w i l l  be implemented:
Old T i t l e
Linda Harris (IMS) Library A ss is ta n t  I
Phil Marsh Library A ss is tan t  I
Harriet Ranney Library A ss is ta n t  I
S a l ly  B u l lers  Library A ss is ta n t  I
Constance P iquette  Library A ss is tan t  I
Elizabeth  Weber. Library A ss is tan t  I
Richard Ives Library A ss is tan t  I
JJty&i^*^abener Library A ss is tan t  I
Donna Tornabene Library A ss is tan t  I
Kirk Flynn (IMS) Library A ss is tan t  I
Carol Leese Library A ss is tan t  I
No grade changes were recommended.
New T i t l e
Library
L
Li
Li
L
L
L
L
L
L
L-
brary
brary
brary
brary
brary
brary
brary
brary
brary
brary
Technician
Technician
Technician
Technician
Technician
Technician
Technician
Technician
Technician
Technician
Technician
I f  you have any questions or I can be o f  any further a s s i s ta n c e ,  please  
c a l l .
SC/ss
THIS MEMORANDUM WILL SERVE TO INFORM YOU OF THE RESULTS 
OF THE CLASSIFICATION REVIEW CONDUCTED LAST YEAR. A COPY 
OF THE REVISED "CLASS SPECIFICATIONS" IS AVAILABLE IN THE 
RESERVE BOOK ROOM FOR YOUR EXAMINATION.
E. O e lz
CC: Hatcher, P. Johnson, E l ison ,  Chandler
